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(57) In a display device capable of switching be- 
tween a display mode and a mirror mode, a novel con- 
figuration of the display device capable of enhancing 
display quality and being low-profile and light-weight is 
provided. In a display device (100), a reflective polarizer 
(110), a polarizer (120), a retarder (130), a liquid crystal 
panel (140), a polarizer (150), and a backlight (160) are 



disposed sequentially from the viewing side. When the 
liquid crystal panel (140) is set in a light blocking state 
or the backlight (1 60) is switched off, the reflection of an 
outside light "O" turns the display screen into the mirror 
state. When the backlight (1 60) is switched on to illumi- 
nate the liquid crystal panel (140), a transmitted light "T" 
allows the displayed screen image to be visually recog- 
nized. 
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Description 

[0001] The present invention relates to a display de- 
vice and an electronic device having the same, particu- 
larly to a configuration suitable for a display capable of 
switching a display screen between a display mode and 
a mirror mode. 

[0002] Traditionally, a display device has been known 
in which two liquid crystal panels are overlaid to switch 
between the display mode to perform normal display 
and the mirror mode to change the whole piece into a 
mirror surface state. For example, there is a display de- 
vice in which a display switching part is disposed on the 
viewing side of a display part having the same structure 
as the general liquid crystal display device and the dis- 
play switching part is disposed with a reflective type po- 
larizer, a liquid crystal panel and an absorption type po- 
larizer sequentially from the display part side to the view- 
ing side. In this display device, the reflective type polar- 
izer (hereafter, it is simply called reflective polarizer) of 
the display switching part transmits a first polarized light, 
and reflects a second polarized light having a polariza- 
tion axis orthogonal to the first polarized light. The liquid 
crystal panel is configured to allow switching between 
the state that the first polarized light is changed to the 
second polarized lightfortransmission and the state that 
the polarization axis is not changed for transmission. 
The absorption type polarizer transmits the first polar- 
ized light and absorbs the second polarized light, for ex- 
ample. The display part emits the first polarized light to 
the display switching part, and the first polarized light 
forms a predetermined display image. 
[0003] In the display device configured as above, 
when the liquid crystal panel of the display switching part 
is in the state that the polarization axis is not changed 
for transmission , the first polarized light emitted from the 
display part passes through the reflective polarizer to 
enter the liquid crystal panel and passes through the ab- 
sorption type polarizer as the first polarized light for ob- 
servation. Thus, the display condition of the display part 
can be visibly recognized (the display mode). When the 
liquid crystal panel is in the state that the first polarized 
light is changed into the second polarized lightfortrans- 
mission, the first polarized light emitted from the display 
part passes through the reflective polarizer to enter the 
liquid crystal panel, and it is changed into the second 
polarized light. Thus, it is absorbed by the absorption 
type polarizer and the display condition is not visually 
recognized. At this time, when an outside light enters 
the device, the outside light passes through the absorp- 
tion type polarizerto be a first polarized light and passes 
through the liquid crystal panel to be a second polarized 
light. Therefore, it is reflected by the reflective polarizer, 
and it passes through the liquid crystal panel again to 
be changed into the first polarized light, and it passes 
through the absorption type polarizer. Accordingly, the 
display plane is visibly recognized as a mirror surface 
(the mirror mode). 



[0004] In the traditional display device, the light hav- 
ing passed through the liquid crystal panel, disposed in 
the display switching part, is visibly recognized in both 
the display mode and the mirror mode. Therefore, prob- 
5 lems tend to occur : a reduction in contrast due to the 
interface reflection in the front and back sides of the dis- 
play switching part, coloring, the deterioration of the 
viewing angle property, and a blurred display image due 
to the optical property of the display switching part. In 
any case, in the traditional display device, degraded dis- 
play quality is inevitable due to the double structure of 
the display part and the display switching part. 
[0005] Furthermore, in the configuration described 
above, the display switching part including the liquid 
crystal panel is further disposed on the viewing side of 
the normal display part. Thus, there is a problem that 
the device becomes thicker and heavier. This problem 
becomes a great disadvantage because portability is 
impaired, particularly, when the device is mounted in a 
portable electronic device. 

[0006] To solve the problems, the present invention is 
to provide a novel configuration of a display device ca- 
pable of suppressing the degradation of display quality 
such as a reduction in contrast, coloring, a narrowed 
viewing angle and blur due to the existence of the dis- 
play switching part, and of being formed to be low-profile 
and light-weight. 

[0007] In order to solve the problems, a first display 
device of the invention is a display device characterized 
by having: 

a display unit adapted to allow a first polarized light 
to be emitted as display light; and 
a control unit adapted to control the display unit, 

wherein the display unit has a polarized light se- 
lecting unit on a viewing side thereof, 

the polarized light selecting unit transmits the first 
polarized light and reflects a second polarized light hav- 
ing a polarization axis crossing a polarization axis of the 
first polarized light, and 

the control unit is allowed to switch between a dis- 
play mode, in which the first polarized light is emitted 
from the display unit as display light, and a mirror mode, 
in which the first polarized light is not emitted from the 
display unit. 

[0008] According to the invention, the display unit in- 
cludes the polarized light selecting unit disposed on the 
viewing side. The polarized light selecting unit is config- 
ured to transmit the first polarized light and reflect the 
second polarized light. 

[0009] Therefore, the first polarized light passing 
through the polarized light selecting unit is emitted from 
the display unit as display light. In addition, the first po- 
larized light included in the outside light passes through 
the polarized light selecting unit to enter the opposite 
side of the viewing side, and the second polarized light 
included in the outside light is reflected by the polarized 
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light selecting unit. 

[001 0] The high intensity light in the outside light gen- 
erally enters in the direction different from the viewing 
direction of a viewer. Thus, the specular reflection of the 
high intensity outside light is hard to enter the viewer's 
eye. Therefore, in the display mode that display light is 
visibly recognized from the display unit through the po- 
larized light selecting unit, the display condition, based 
on the display light emitted from the display unit can be 
visibly recognized. On the other hand, when the mirror 
mode is set by control of the control unit, the first polar- 
ized light is not emitted from the display unit. Thus, the 
light emitted from the display unit does not reach the 
viewing side. Therefore, the surface on the viewing side 
of the polarized light selecting unit is visibly recognized 
as a mirror surface by the reflected light of the outside 
light. 

[0011] As described above, in the invention, the po- 
larized light selecting unit is simply disposed on the 
viewing side as a component included inthedisplay unit. 
Therefore, the configuration can be formed in which a 
transmitting polarization axis varying unit is not dis- 
posed on the viewing side of the polarized light selecting 
unit. 

[001 2] Accordingly, as compared with the case where 
the transmitting polarization axis varying unit, such as a 
liquid crystal panel, is disposed on the viewing side of 
the traditional display unit, the degradation of display 
quality such as a reduction in contrast due to the inter- 
face reflection, coloring, deterioration of the viewing an- 
gle property, and blurred display images due to the op- 
tical property of the display switching part can be avoid- 
ed. Furthermore, a simple structure can be formed with- 
out the double panel structure. Therefore, the thickness 
of the device can be reduced and the weight can be de- 
creased. 

[001 3] The control unit preferably stops the light emis- 
sion from the display unit in the mirror mode. According- 
ly, the display unit does not emit light, thus the mirror 
surface quality in the mirror mode can be further en- 
hanced. 

[0014] Moreover, a polarized light selecting area of 
the polarized light selecting unit is preferably extended 
beyond an area overlapping with a display area of the 
display unit. The polarized light selecting area of the po- 
larized light selecting unit is extended beyond the area 
overlapping with the display area of the display unit. 
Thus, the display unit (an electro -optica I panel such as 
a liquid crystal panel) generally requires the structure 
portion extending beyond its display area (so-called 
frame area). Therefore, in the area overlapping with the 
structure portion, the polarized lightselecting area of the 
polarized light selecting unit can be extended without 
increasing the plan dimension of the display device. Ac- 
cordingly, the space inside the display device can be uti- 
lized effectively, and the range (area) to be visibly rec- 
ognized as a mirror in the mirror mode can be expanded 
relatively with respect to the outer dimensions of the dis- 



play device. 

[001 5] The light amount emitted in the direction of the 
normal is preferably greatest in the emission angle dis- 
tribution of the display light of the display unit. The light 

5 amount emitted in the direction of the normal is set 
greatest, and thus the ratio of light entering the user's 
eye for supporting display can be enhanced in the dis- 
play light. Therefore, the influence of external light re- 
flection by the polarized light selecting unit can be re- 

10 duced, and display quality can be enhanced. 

[0016] In this case, the display light is desirably dis- 
tributed mainly at an emission angle ranging from zero 
(0) to forty (40) degrees. In this range of the emission 
angle, an amount of the emitted outside light is relatively 

15 small. Thus, display quality can be enhanced with no 
influence of external light reflection. 
[0017] In addition, the display light in the range ex- 
ceeding an emission angle of forty five (45) degrees is 
desirably one fiftieth (1/50) or below of the light amount 

20 in the direction of the normal. The light in the range ex- 
ceeding the emission angle of forty five (45) degrees 
hardly supports display. Therefore, unnecessary light is 
reduced to efficiently configure the display condition. 
[001 8] In each embodiment, the display unit is preter- 
ms ably configured of an electro-optical device. By config- 
uring the display unit with electro -optica I devices, a low- 
profile structure can be allowed and a display device al- 
so applicable to a portable device can be realized. Par- 
ticularly, the display device of the invention can config- 

30 ure the display screen as a mirror surface in the mirror 
mode by switching. Therefore, it can also be utilized as 
a hand mirror configured of a portable device. 
[001 9] Next, a second display device of the invention 
is a display device having a transmitting polarization ax- 

35 is varying unit characterized by including: 

a first polarized light selecting unit disposed on a 
viewing side of the transmitting polarization axis 
varying unit; and 
40 a second polarized light selecting unit disposed on 
a backside of the transmitting polarization axis var- 
ying unit, 

wherein the first polarized light selecting unit 
45 transmits a first polarized light and reflects a second po- 
larized light having a polarization axis crossing a polar- 
ization axis of the first polarized light, 

the second polarized light selecting unit transmits 
a third polarized light and absorbs or reflects a fourth 
50 polarized light having a polarization axis crossing a po- 
larization axis of the third polarized light, and 

the transmitting polarization axis varying unit is al- 
lowed to convert at least a part of the third polarized light 
to the first polarized light. 
55 [0020] According to the invention, the first polarized 
light selecting unit (reflective polarizer) disposed on the 
viewing side reflects the outside light. Thus, the display 
screen is allowed to be set in the mirror mode, when the 
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liquid crystal panel does not emit light. When the liquid 
crystal panel emits light the display screen is allowed 
to be set in the display mode. The outside light has a 
greater light amount incident, incidenting obliquely with 
respect to the user. Thus, a high intensity specular re- 
flection light generated in the first polarized light select- 
ing unit due to the outside light is not visually recognized 
by the user. Therefore, by intensifying the emitting light 
from the liquid crystal panel to some extent, display 
quality in the display mode can be secured. In addition, 
the mirror mode can be substantially realized only by 
the first polarized light selecting unit. Accordingly, the 
degraded display quality due to the double panel struc- 
ture can be avoided, and the display device can be 
formed to be low-profile and light-weight. 
[0021] In the invention, another transmitting polariza- 
tion axis varying unit is not preferably disposed on the 
viewing side of the first polarized light selecting unit. A 
reduction in visibility can be suppressed in the display 
mode by not disposing anothertransmitting polarization 
axis varying unit (a liquid crystal panel, for example) on 
the viewing side of the first polarized light selecting unit. 
[0022] In the invention, a third polarized lightselecting 
unit, adapted to transmit the first polarized light and to 
absorb the second polarized light, is preferably dis- 
posed between the first polarized lightselecting unit and 
thetransmitting polarization axis varying unit. Generally, 
the polarized light selectivity of a member available as 
the first polarized light selecting unit (reflective polariz- 
er) is lower than the polarized light selectivity of the ab- 
sorption type polarizer. Thus, a contrast in the display 
mode drops when the member is used as it is, but a dis- 
position of the third polarized light selecting unit (ab- 
sorption type polarizer) enhances the polarized light se- 
lectivity. Therefore, display contrast can be enhanced. 
[0023] Preferably, this case has a lighting device on 
the backside of the second polarized light selecting unit, 

wherein the second polarized light selecting unit 
transmits the third polarized light and absorbs the fourth 
polarized light, 

a fourth polarized light selecting unit is disposed 
between the second polarized light selecting unit and 
the lighting unit, and 

the fourth polarized light selecting unit preferably 
reflects the fourth polarized light as well as transmits the 
third polarized light. Accordingly, display contrast and 
brightness can be further enhanced. 
[0024] In the invention, the second polarized light se- 
lecting unit preferably transmits the third polarized light 
and reflects the fourth polarized light. The second po- 
larized light selecting unit is formed to transmit the third 
polarized light and to reflect the fourth polarized light (re- 
flective polarizer). Consequently, the light not passing 
through the second polarized light selecting unit can be 
reflected to return to the backside in the luminous light 
when the liquid crystal panel is lit from the backside. Be- 
cause it is possible to convert the polarization state of 
the reflected light by scattering or reflection to return to 



the viewing side, a brighter display can be configured. 
[0025] In the invention, the surface on the viewing 
side of the first polarized lightselecting unit is preferably 
flat. By flattening the surface on the viewing side of the 

5 first polarized lightselecting unit, a further excellent mir- 
ror surface state in the mirror mode can be realized, and 
the scattered light other than the specular reflection light 
of the outside light entering the user's eye can be re- 
duced in the display mode. Therefore, the visibility of the 

10 display condition can be enhanced. This characteristic 
is similarly applicable to the above-mentioned first and 
second display devices, considering that the polarized 
light selecting unit is equivalentto the first polarized light 
selecting unit. 

15 [0026] In the invention, a transparent protective film 
is preferably formed on the surface on the viewing side 
of the first polarized light selecting unit. Accordingly, the 
surface on the viewing side of the first polarized light 
selecting unit can be prevented from being directly 

20 scratched or from being adhered with dust and dirt. De- 
sirably in this case, the surface of the protective film is 
hardened or a transparent hard film is formed thereon. 
Furthermore, this characteristic is similarly applicableto 
the first and second display devices, considering that 

25 the polarized light selecting unit is equivalentto the first 
polarized light selecting unit. 

[0027] In the invention, a lighting unit adapted to emit 
light to the viewing side is preferably disposed on the 
backside of the second polarized light selecting unit. 
30 Disposing the lighting unit surely realizes the image dis- 
play state in the display mode. 

[0028] In this case, a light reflection component for re- 
flecting outside light to the viewing side in the form of 
supporting display is preferably not disposed between 

35 the first polarized light selecting unitandthelighting unit. 
Accordingly, the light reflection component is not dis- 
posed inside the display to form a transmissive type dis- 
play. Consequently, the light utilization efficiency of the 
lighting unit for display can be enhanced. Therefore, the 

40 display condition can be visually surely recognized re- 
gardless of the existence of external light reflection by 
the first polarized light selecting unit. The light reflection 
component includes a reflective layer or a reflective 
plate disposed in the pixel area, in which the reflected 

45 light is supportable for display, but it does not include a 
metal shading film, which generates the reflected light 
not supporting display. 

[0029] The transmitting polarization axis varying unit 
is desirably in the state not to emitthe first polarized light 

50 when the lighting unit is not lit. The mirror mode can be 
realized in either states that the lighting unit is not lit or 
the light of display is blocked. However, by setting the 
lighting unit in the unlit state and the display in the light 
blocking state, light leakage can be further reduced. 

55 Therefore, the mirror surface state in the mirror mode 
can be formed more excellently. 
[0030] In the invention, a polarized lightselecting area 
of the first polarized light selecting unit is preferably ex- 
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tended beyond the area overlapping with a transmitting 
polarization axis varying area of the transmitting polari- 
zation axis varying unit. When the polarized light select- 
ing area of first polarized light selecting unit is extended 
beyond the area overlapping with the transmitting polar- 
ization axis varying area of the transmitting polarization 
axis varying unit, the transmitting polarization axis var- 
ying unit (liquid crystal panel) generally requires the 
structure portion (so-called frame area) extended be- 
yond the transmitting polarization axis varying area (dis- 
play area). Therefore, the polarized light selecting area 
of the first polarized light selecting unit can be extended 
correspondingly to the structure portion without upsizing 
the display device. Accordingly, the inner space of the 
display device can be utilized efficiently, and the range 
(area) to be visibly recognized as a mirror in the mirror 
mode can be expanded relatively with respectto the out- 
er dimensions of the display device. In addition, this 
characteristic is similarly applicable to the first and sec- 
ond display devices, considering that the polarized light 
selecting unit is equivalent to the first polarized light se- 
lecting unit and the display area of the display unit is 
equivalent to the transmitting polarization axis varying 
area. 

[0031] In the invention, the light amount emitted in the 
direction of the normal is preferably greatest in the emis- 
sion angle distribution of luminous light of the lighting 
unit. By setting the light amount emitted in the direction 
of the normal at greatest, the ratio of the light entering 
the user's eye for supporting display in the luminous light 
can be increased in the display mode. Therefore, the 
influence of external light reflection due to the first po- 
larized light selecting unit can be decreased, and display 
quality can be enhanced. 

[0032] In this case, the luminous light of the lighting 
unit is desirably distributed mainly at an emission angle 
ranging from zero (0) to forty (40) degrees. In the range 
of the emission angle, the amount of specular reflection 
of outside light is relatively small. Therefore, display 
quality can be enhanced with no influence of external 
light reflection. 

[0033] Furthermore, the luminous light of the lighting 
unit within the range exceeding an emission angle of for- 
ty five (45) degrees is desirably one fiftieth (1/50) or be- 
low of a light amount in the direction of the normal. The 
light in the range exceeding an emission angle of forty- 
five (45) degrees does not support display so much. 
Thus, unnecessary light is reduced to efficiently realize 
the display state in the display mode. 
[0034] In the invention, a color filter is preferably dis- 
posed on the backside of the first polarized light select- 
ing unit. By disposing the color filter on the backside of 
the first polarized light selecting unit, color display in the 
display mode can be realized. 

[0035] In the invention, a retarder is preferably dis- 
posed between the first polarized light selecting unit and 
the transmitting polarization axis varying unit. The re- 
tarder can be used as an optical compensator for reduc- 



ing coloring, or a viewing angle compensatorfor improv- 
ing the viewing angle property. 

[0036] In the invention, it is preferable that a transpar- 
ent member is disposed on the viewing side of the first 

5 polarized light selecting unit, and the first polarized light 
selecting unit is directly or indirectly closely contacted 
with thetransparent member. Thefirst polarized light se- 
lecting unit is closely contacted with the transparent 
member, which allows the surface on the viewing side 

10 of the first polarized light selecting unit to be protected 
and the first polarized light selecting unit can surely be 
positioned and held. This characteristic is similarly ap- 
plicable to the first and second display devices, consid- 
ering that the polarized light selecting unit is equivalent 

15 to the first polarized light selecting unit. 

[0037] In this case, the first polarized light selecting 
unit is desirably bonded to the transparent member via 
a transparent substance. 

[0038] As the form that the first polarized light select- 

20 ing unit is fixed to the transparent member, two cases 
are named: the case where only the first polarized light 
selecting unit is fixed to the transparent member, and 
the case where the display unit or the transmitting po- 
larization axis varying unit is fixed along with the first 

25 polarized light selecting unit. In the latter case, it is pref- 
erable to fix the transparent member via a transparent 
bonding layer having elasticity. Accordingly, the influ- 
ence of an external stress (such as shock) on the display 
unit and the transmitting polarization axis varying unit 

30 can be relaxed, and the shock-resistance of the display 
device can be enhanced. In addition, this characteristic 
is similarly applicable to the first and second display de- 
vices, considering that the polarized light selecting unit 
is equivalent to the first polarized light selecting unit. 

35 [0039] Furthermore, the surface of the transparent 
member on the first polarized light selecting unit is de- 
sirably flat. Accordingly, the surface on the backside of 
thetransparent member is made flat. Therefore, the sur- 
face on the viewing side of the first polarized light se- 

40 lectin g unit closely contacted with the surface can be 
formed flat. Particularly, thefirst polarized light selecting 
unit is available as a sheet material having flexibility. 
Thus, the surface on the backside of the transparent 
member is formed flat and the first polarized light select- 

45 ing unit is closely contacted or bonded to the surface, 
which allows the first polarized light selecting unit to be 
kept flat. Therefore, the mirror surface state in the mirror 
mode can be high quality. Furthermore, this character- 
istic is similarly applicable to thefirst and second display 

50 devices, considering that the polarized light selecting 
unit is equivalent to the first polarized light selecting unit. 
[0040] Moreover, the surface on the viewing side of 
the transparent member is desirably a curved surface. 
Accordingly, the transparent member can be used as an 

55 optical lens, which allows the display screen to be visibly 
recognized in a properly enlarged or reduced state. This 
characteristic is similarly applicable to the first and sec- 
ond display devices, considering that the polarized light 
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selecting unit is made equivalent to the first polarized 
light selecting unit. 

[0041] Next, an electronic device of the invention is 
provided with the display device according to any one 
of the above. As described above, the display device is 
configured to be switchable between the display mode 
and the mirror mode by only disposing the polarized light 
selecting unit on the viewing side of the display unit. 
Therefore, degraded display quality can be avoided, 
and also the electronic device can be reduced in size 
and weight. Accordingly, the electronic device is prefer- 
ably configured as portable electronic devices such as 
a mobile phone and a personal information terminal. 
[0042] In addition, another electronic device of the in- 
vention has the display device according to any one of 
the above and a display drive unit adapted to drive the 
transmitting polarization axis varying unit. The display 
device is switchable, as described above, between the 
display mode and the mirror mode without disposing an- 
other transmitting polarization axis varying unit on the 
viewing side. Therefore, display quality in the display 
mode can be improved. Particularly, the display device 
can be formed to be low-profile and light-weight, and 
thus the electronic device is preferably configured as 
portable electronic devices such as a mobile phone and 
a personal information terminal. 
[0043] Furthermore, another electronic device of the 
invention has: 

a display device with a lighting unit; 
a display drive unit adapted to drive the transmitting 
polarization axis varying unit; and 
a lighting control unit adapted to control the lighting 
unit. Particularly, by configuring the display drive 
unit and the lighting control unit to operate together, 
it is possible to set lighting unit in the unlit state and 
at the same time, it is possible to set the light block- 
ing state by controlling the transmitting polarization 
axis varying unit. Accordingly, light leakage can be 
reduced in the mirror mode, and the mirror surface 
state can be configured in a further excellent form. 

[0044] Moreover, still another electronic device of the 
invention is characterized by having a display unit 
adapted to allow light emission, 

wherein the display unit has a polarized light se- 
lecting unit adapted to transmit a first polarized light and 
to reflect a second polarized light having a polarization 
axis crossing a polarization axis of the first polarized 
light on a viewing side thereof, and 

a transmissive display mode, in which the first po- 
larized light is emitted from the polarized light selecting 
unit to the viewing side of the display unit to allow the 
first polarized light to be observed on the viewing side, 
and a mirror mode, in which the first polarized light is 
not emitted from the polarized light selecting unit to the 
viewing side of the display unit, and the polarized light 
selecting unit is used as a mirror on the viewing side of 



the display unit, are switchable. 
[0045] Preferably, the electronic device further has an 
input part for allowing an operation of the display device 
or performing data input to the display in the display de- 
5 vice, 

wherein the input part is preferably manually op- 
erated to allow switching between the transmissive dis- 
play mode and the mirror mode. 

[0046] Manually operating the input part of the elec- 
10 tronic device allow switching between the transmissive 
display mode and the mirror mode. Therefore, any one 
of the transmissive display mode and the mirror mode 
can be implemented at any time at the user's wish. Here, 
as the input part, various manual operation buttons such 
15 as a data input key button, various operation switches 
such as a power switch, and operation members such 
as a operation dial can be named. 
[0047] Embodiments of the present invention will now 
be described by way of further example only and with 
20 reference to the accompanying drawings, in which:- 

Fig. 1 is a schematic diagram illustrating the config- 
uration of the display device of the first embodiment 
in the invention; 
25 Fig. 2 is a schematic diagram illustrating the config- 
uration of the display device of the second embod- 
iment in the invention; 

Fig. 3 is a schematic diagram illustrating the config- 
uration of the display device of the third embodi- 
30 ment in the invention; 

Fig. 4 is a schematic diagram illustrating the config- 
uration of the display device of the fourth embodi- 
ment in the invention; 

Fig. 5 is a schematic diagram illustrating the conf ig- 
35 uration of the display device of the fifth embodiment 
in the invention; 

Fig. 6 is a schematic diagram illustrating the config- 
uration of the display device of the sixth embodi- 
ment in the invention; 
40 Fig. 7 is a schematic diagram illustrating the config- 
uration of the display device of the seventh embod- 
iment in the invention; 

Fig. 8 is a schematic diagram illustrating the config- 
uration of the display device of the eighth embodi- 
45 ment in the invention; 

Fig. 9 is a schematic diagram illustrating the config- 
uration of the display device of the ninth embodi- 
ment in the invention; 

Fig. 1 0 is an enlarged vertical cross-sectional view 
50 illustrating the enlarged EL panel structure of the 
ninth embodiment; 

Fig. 11 is a graph illustrating the luminance of the 
backlight against the emission angle distribution of 
the tenth embodiment in the invention; 
55 Fig. 1 2 is a schematic block diagram illustrating the 
configuration of the display control system in the 
electronic device provided with the display device; 
Fig. 13 is a schematic perspective view illustrating 
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the appearance of the electronic device (mobile 
phone); and 

Fig. 14 is a schematic perspective view illustrating 
another electronic device (mobile phone). 

[First embodiment] 

[0048] First, the configuration of a first embodiment in 
the invention will be described with reference to Fig. 1 . 
In a display device 1 00 shown in Fig. 1 , a reflective po- 
larizer 1 1 0, a polarizer 1 20, a retarder 1 30, a liquid crys- 
tal panel 140, a polarizer 150, and a backlight 160 are 
sequentially disposed from the viewing side (the upper 
side in the drawing). 

[0049] The reflective polarizer 110 transmits a polar- 
ized light component having a vibration plane in parallel 
to the transmitting polarization axis, and reflects a po- 
larized light component having a vibration plane in par- 
allel to the direction crossing (preferably orthogonal) the 
transmitting polarization axis . As the reflective polariz- 
er, a multilayer product having birefringent polymerfilms 
different from each other laminated, that is the multilayer 
product described in PCT/A/WO 95/2791 9, or a product 
having a quarter (1/4) wavelength plates disposed on 
the front and back sides of a cholesteric liquid crystals 
can be used. As the multilayer product, there is a mul- 
tilayerf ilm, whose trade name is DBEF, provided by Min- 
nesota Mining & Manufacturing Co. 
[0050] As the polarizers 120 and 150, a publicly- 
known absorption type polarizer is used, which trans- 
mits the polarized light component having the vibration 
plane in parallel to the transmitting polarization axis and 
absorbs the polarized light component having the vibra- 
tion plane in parallel to the direction crossing the trans- 
mitting polarization axis (preferably orthogonal). The po- 
larizer 120 and the polarizer 150 are arranged in a re- 
quired configuration of the liquid crystal device (for ex- 
ample, they are arranged in the crossed Nicols when 
the liquid crystal panel 140 is aTN liquid crystal cell hav- 
ing a twisted angle of ninety (90) degrees). 
[0051 ] The polarizer 1 20 is disposed so that the trans- 
mitting polarization axis is matched with the transmitting 
polarization axis of the reflective polarizer 110. The 
crossed axes angle between the transmitting polariza- 
tion axis of the reflective polarizer 1 1 0 and the transmit- 
ting polarization axis of the polarizer 120 is not neces- 
sarily zero degree. However, display contrast is reduced 
as the crossed axes angle becomes greater. Therefore, 
the crossed axes angle is desirably fifteen (15) degrees 
or below, particularly five (5) degrees or below. 
[0052] Optically, the polarizer 120 can be omitted. 
However, the polarized light selectivity of the reflective 
polarizer 1 1 0 (the ratio of the polarized light component 
having the vibration plane in parallel to the transmitting 
polarization axis in the transmitted light with respect to 
the incident natural light) is generally lower than that of 
the absorption type polarizer. Thus, when the polarizer 
1 20 is omitted, a contrast in the display mode is reduced. 



Inversely, when the polarization degree of the reflective 
polarizer (the polarized light selecting unit or first polar- 
ized light selecting unit) does not cause a problem, the 
absorption type polarizer (the third polarized light select- 

5 ing unit) included in the display unit can be omitted for 
configuration. In this case, the function is served by the 
reflective polarizer (the polarized light selecting unit or 
first polarized light selecting unit). In addition, this is sim- 
ilarly applicable to all the embodiments including the ab- 

10 sorption type polarizer described below (the third polar- 
ized light selecting unit). 

[0053] Furthermore, as the polarizer 1 50. a reflective 
polarizer similarly configured to the reflective polarizer 
110 can be used, instead of the absorption type polar- 
15 jzer. 

[0054] The retarder 1 30 functions as an optical com- 
pensator for reducing display coloring, particularly 
when the liquid crystal panel 140 is the STN mode. It 
can also be configured to function as a viewing angle 

20 compensator for improving the viewing angle depend- 
ency of liquid crystal display. Display itself is feasible 
without disposing the retarder 130. 
[0055] The liquid crystal panel 140 includes two sub- 
strates 141 and 142 formed of a transparent substrate 

25 such as glass or plastic. Over the inner surface of the 
substrate 141, a color filter 144 is formed. In the color 
filter 144, a plurality of colored layers, for example, red, 
green and blue, are arranged in a predetermined array 
pattern (such as a stripe array, a delta array, and a di- 

30 agonal mosaic array). These colored layers are prefer- 
ably covered with a transparent protective film. 
On the color filter 1 44, a transparent electrode 1 45 con- 
figured of ITO or the like is formed corresponding to the 
array of the colored layer. Over the transparent elec- 

35 trode 1 45, an alignment layer 1 46 configured of polyim- 
ide resin is formed. In addition, over the inner surface of 
the substrate 142, a transparent electrode 147 and an 
alignment layer 148 similar to the above are formed. 
[0056] In the panel structure, it is acceptable that a 

40 pair of substrates forming the panel structure is any of 
those using glass as the material (including silica), those 
using resins (plastic), or those using glass for one sub- 
strate and a resin for the other substrate. Particularly 
by using a resin material for the material of the sub- 

45 strates, the device can be formed low-profile and can 
enhance the shock-resistance as well. 
[0057] The substrates 141 and 142 are bonded by a 
sealing material 1 43, and liquid crystal 1 49 are disposed 
inside thereof. As the liquid crystal mode of the liquid 

50 crystal panel 140 thus configured, the TN (Twisted 
Nematic) mode, the STN (Super Twisted Nematic) 
mode, and the ECB (Electrically Controlled Birefrin- 
gence) mode are preferable. In all the display method 
according to these liquid crystal modes, the liquid crystal 

55 panel is configured to realize the display condition with 
the use of the polarizer. Thus, high display quality can 
be obtained at a relatively low drive voltage, which is 
particularly desirable when it is mounted in a portable 
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electronic device. 

[0058] Furthermore, as the drive mode of the liquid 
crystal panel 1 40, any of the active drive mode including 
the active matrix drive using an active device such as a 
TFT (Thin Film Transistor) and aTFD (Thin Film Diode), 
or the passive drive mode including the simple drive 
without using the active device or the multiplex drive, is 
acceptable. 

[0059] Moreover, in the embodiment, the liquid crystal 
panel 1 40 is a transmissive type panel with no reflective 
layer or reflector inside or outside. More specifically the 
embodiment does not have a light reflection component 
(reflecting surface) for reflecting the outside light to the 
viewing side in the pixel, which is different from a reflec- 
tive type panel or a semi-transmissive reflective type 
panel. The above mentioned light reflection component 
means a component having a light reflecting function in- 
side the area for supporting display (in the pixel), which 
is a concept not containing a metal light blocking layer 
that does not support display. Of course, the light reflec- 
tion component not supporting display such as a metal 
shading film desirably does not exist. 
[0060] It is acceptable to use a backlight 1 60 that can 
light the liquid crystal panel 1 40 from behind with nearly 
uniform illuminance. Forexample, an edge emitting type 
backlight including a light guide plate and a light source 
disposed in the end face part of the light guide plate, 
and a back emitting type backlight including a light guide 
plate and a light source disposed on the backside of the 
light guide plate, are named. In the example shown in 
the drawing, it has a light source 161 and a light guide 
plate 1 62 having the light source 161 disposed to its end 
face. Preferably, a light reflection component, such as 
a metal layer or a printed layer for nearly uniformly guid- 
ing the light incident from the light source 1 61 to the liq- 
uid crystal panel 140 side, or a scattering component 
163, is disposed in the light guide plate 162. 
[0061] In the embodiment, the polarizer 120, the re- 
tarder 130, the liquid crystal panel 140, the polarizer 150 
and the backlight 160 configure the display unit. Basi- 
cally, this display unit emits only the first polarized light 
to the reflective polarizer 110. In the display mode, the 
first polarized light is controlled to be emitted or not to 
be emitted, or an amount of the first polarized light to be 
emitted is controlled on each of a plurality of pixels 
formed in the liquid crystal panel 140. Consequently, a 
predetermined display image is formed. 
[0062] In the display device 1 00 of the embodiment, 
the backlight 1 60 is set in the lit state and a voltage ap- 
plied between the transparent electrodes 145 and 147 
of the liquid crystal panel 140 is controlled. Thus, pre- 
determined display is performed in a liquid crystal dis- 
play formed of the polarizer 120, the retarder 130, the 
liquid crystal panel 1 40 and the polarizer 1 50. Therefore, 
the display mode that the light emitted from the polarizer 
1 20 passes through the reflective polarizer to be visibly 
recognized can be realized. 

In addition, by setting the liquid crystal display in the off 



(light blocking) state, that is, setting all the pixels of the 
liquid crystal display in the light blocking state, or setting 
the backlight 1 60 in the unlit state, the mirror mode that 
a display plane is visibly recognized as a mirror can be 
5 realized. 

[0063] In the display device 100, an outside light "O" 
enters from the viewing side in the normal service con- 
ditions. However, a portion of the outside light "O", that 
is the polarized light component having the vibration 
10 plane in parallel to the transmitting polarization axis of 
the reflective polarizer 1 1 0 passes through the reflective 
polarizer 110, and is guided to inside. The polarized light 
component having the vibration plane orthogonal to the 
transmitting polarization axis of the reflective polarizer 
15 110 is reflected by the reflective polarizer 110, and is 
returned to the viewing side as a reflected light "R." On 
the other hand, the luminous light radiated from the 
backlight 1 60 passes through the polarizer 1 50 to be a 
linear polarized light. Its polarization state is converted 
20 in the liquid crystal panel 140, or the light passes as it 
is without being converted. Only the polarized light com- 
ponent having the vibration plane in parallel to the trans- 
mitting polarization axis of the polarizer 120 is emitted 
from the polarizer 120. This polarized light component 
25 also passes thorough the reflective polarizer 110 as it 
is, and it is visibly recognized on the viewing side. Ac- 
cordingly, when the liquid crystal display is in the state 
of displaying a particular image, the light passes in the 
transparent area formed according to the display image, 
30 and it passes through the reflective polarizer 1 1 0 to be 
visibly recognized as a transmitted light "T." 
[0064] In the display mode, the particular display im- 
age is visually recognized by the transmitted light "T," 
but the reflected light "Ft" due to the outside light "O" 
35 exists at this time. Thus, the visibility of the display im- 
age seems to be reduced. However, the outside light 
"O" usually enters the display device 100 from the di- 
rection different from the user's viewing direction. There- 
fore, the light amount of the reflected light "R" (thespec- 
40 ular reflection light), generated in the reflective polarizer 
110 and directly entering the user's eye, is small, and 
most of it is reflected in the direction different from the 
user's eye as shown in the drawing. Accordingly, when 
the transmitted light "T" is intense enough, a reduction 
45 in the visibility of the display image due to the reflected 
light "R" can be limited. 

[0065] In the mirror mode, the liquid crystal display is 
in the light blocking state, or the backlight 1 60 is in the 
unlit state, thus the transmitted light "T" is almost elimi- 
50 nated. Therefore, the reflected light R is felt more in- 
tense correspondingly, and the entire display plane is 
visibly recognized as a mirror. 

[0066] Furthermore, when the mirror mode is config- 
ured, it is preferable to set the backlight 1 60 in the unlit 
55 state as well as to set the liquid crystal display in the 
light blocking state. When this is done, light leakage can 
be prevented nearly perfectly. Accordingly, the transmit- 
ted light "T" can be further reduced, and a more excel- 
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lent mirror surface state can be obtained. 
[0067] I n the embodiment, the reflective polarizer 1 1 0 
is disposed on the viewing side. Thus, a significantly ex- 
cellent mirror surface state can be obtained. In addition 
to this, another liquid crystal panel does not exist on the 
viewing side of the liquid crystal display, and therefore 
the influence on the display image can be reduced as 
well. Accordingly, display quality can be kept excellently 
as well. Moreover, the embodiment does not have the 
double layer panel structure. Therefore, the display de- 
vice can beformed to be low-profile and light-weight can 
be achieved as well. 

[0068] Moreover, the surface on the viewing side of 
the reflective polarizer 110 is preferably flat. When the 
surface on the viewing side of the reflective polarizer 
110 is flat, the mirror surface state can be configured 
more excellently, and quality as a mirror can be en- 
hanced. Thus the situation that the specular reflection 
light of the outside light "O" having high intensity tends 
to enter the user's eye in the display mode will not occur. 
(Such asituation may occur when the surface is notflat.) 
Therefore, the visibility of the display image can be pre- 
vented from being reduced. Preferably, the surface is 
optically flat (optical flat), particularly, in the visible light 
area. 

[Second embodiment] 

[0069] Next, a second embodiment in the invention 
will be described with reference to Fig. 2. In this embod- 
iment, the same components as the first embodiment 
are designated the same numerals and signs, and omit- 
ting the description for them. In the embodiment, a re- 
flective polarizer 1 1 0, a polarizer 1 20, a retarder 1 30, a 
liquid crystal panel 140, a polarizer 150, and a backlight 
160 are sequentially disposed from the viewing side. 
The different point from the first embodiment is in that a 
reflective polarizer 170 is further disposed between the 
polarizer 150 and the backlight 160. This reflective po- 
larizer 1 70 is the same as the reflective polarizer 110, 
but its transmitting polarization axis is disposed in the 
attitude matched with the transmitting polarization axis 
of the polarizer 150. 

[0070] I n the embodiment, the reflective polarizer 1 70 
reflects the polarized light component of the luminous 
light emittedf rom the backlight 1 60, which does not pass 
through the polarizer 1 50, to the backlight 1 60 side. The 
reflected polarized light component enters the light 
guide plate 162, and the polarization state of at least a 
part of light is changed and reflected to the viewing side 
again. A part thereof passes through the reflective po- 
larizer 1 70 and the polarizer 1 50 to be a part of the trans- 
mitted light "T." Accordingly, a part of light not utilized for 
display in the first embodiment can be reused. Thus, the 
brightness of the display image can be enhanced, and 
display quality in the display mode can be enhanced. 
[0071] In the embodiment, it is also possible that the 
polarizer 1 50 is omitted to allow display of the liquid crys- 



tal display only by the reflective polarizer 1 70. However 
in this case, the polarized light selectivity of the reflective 
polarizer 170 (the transmittance of the polarized light 
component having the vibration plane in parallel to the 
5 transmitting polarization axis, or the reflectance of the 
polarized light component having the vibration plane or- 
thogonal to the transmitting polarization axis) is lower 
than that of the absorption type polarizer. Thus, display 
contrast is reduced, or display brightness is deceased. 
10 In addition, at least a part of the light in the outside light 
"O" having transmitted through the reflective polarizer 

1 1 0 on the viewing side (for example, the light to enter 
a pixel in the light blocking state) is likely to be reflected 
on the reflective polarizer 1 70. And, it can be considered 

15 that the reflection causes the visibility of the display im- 
age to be reduced. 

[Third embodiment] 

20 [0072] Next, a third embodiment in the invention will 
be described with reference to Fig. 3. In this embodi- 
ment, the same components as the second embodiment 
are designated the same numerals and signs, and omit- 
ting the description for them. In the embodiment, a re- 

25 flective polarizer 1 1 0, a polarizer 1 20, a retarder 1 30, a 
liquid crystal panel 140, a polarizer 150, a reflective po- 
larizer 170, and a backlight 160 are disposed sequen- 
tially from the viewing side. A transparent protective film 

111 is further formed on the surface on the viewing side 
30 of the reflective polarizer 110. 

[0073] The protective film 111 can be formed of a thin 
film such as acryl resin, Si0 2 and Ti0 2 . Particularly, it is 
preferably a hard protective film having a hardness 
equal to or greater than inorganic glass such as Si0 2 

35 and Ti0 2 . It is acceptable that the protective film is a 
product bonded with a film or sheet formed of a trans- 
parent material, or a product directly deposited on the 
surface of the reflective polarizer 1 1 0 by coating, evap- 
oration, and sputtering. 

40 [0074] In the embodiment, the transparent protective 
film 1 1 1 is formed on the surface on the viewing side of 
the reflective polarizer 110. Therefore, the surface of the 
reflective polarizer 110 can be prevented from being 
scratched, or a foreign matter can be prevented from 

45 adhering thereto. Accordingly, the mirror surface state 
can be configured excellently in particular. 

[Fourth embodiment] 

50 [0075] Next, a fourth embodiment in the invention will 
be descried with reference to Fig. 4. In this embodiment, 
the same components as the second embodiment are 
designated the same numerals and signs, and omitting 
the description for them. In the embodiment, a reflective 
55 polarizer 110, a polarizer 120, a retarder 130, a liquid 
crystal panel 140, a polarizer 150, a reflective polarizer 
1 70, and a backlight 1 60 are disposed sequentially from 
the viewing side. 
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[0076] In the embodiment, the mirror area (polarized 
light selecting area) "B" occupied by the reflective po- 
larizer 1 1 0 is configured to cover an area wider than the 
display area "A" (that is, the display area of the liquid 
crystal display formed of the polarizer 120, the liquid 
crystal panel 140 and the polarizer 150) of the display 
unit. More specifically, the mirror area "B" is configured 
to extend beyond the area two-dimensionally overlap- 
ping with the display area "A" for further extension. 
[0077] For the liquid crystal panel 1 40, it is needed to 
providethe area bonded with a sealing material 143 and 
the area formed with input terminals (not shown in the 
drawing) on the outsidethe area around the display area 
"A." Consequently, a frame-like portion (so-called frame 
area) exists to some extent around the display area "A" 
as the display device 100. However, by covering this 
portion with the reflective polarizer 110, a wider mirror 
area can be formed without upsizing the display device. 
[0078] In addition . the configuration of the fourth em- 
bodiment is applicable to any of the first embodiment to 
the third embodiment. 

[Fifth embodiment] 

[0079] Next, a more specific configuration of the first 
embodiment will be described as a fifth embodiment 
with reference to Fig. 5. In the embodiment, as shown 
in Fig. 5, atransparent plate 1 80 is disposed on the view- 
ing side of a reflective polarizer 110. Then, the reflective 
polarizer 110 is closely contacted with the transparent 
plate 1 80. As the transparent plate 1 80, for example, a 
display window member (a display window exposed to 
outside) of the display part of an electronic device (de- 
scribed later) is named, for example. The transparent 
plate 1 80 can be formed of a transparent material such 
as acryl resin or glass. For example, the reflective po- 
larizer 110 is bonded to the transparent plate 180 with 
a transparent adhesive 181. The surface on the back- 
side of the transparent plate 1 80 (the under side in the 
drawing) is formed to be flat. Accordingly, the surface 
on the viewing side of the closely contacted reflective 
polarizer 11 0 is formed to be flat. 
[0080] In the embodiment, a polarizer 120 and a re- 
tarder 1 30 are also directly or indirectly fixed to the trans- 
parent plate 180 along with the reflective polarizer 110. 
For example, the polarizer 120 is bonded to the reflec- 
tive polarizer 110, and furthermore, the retarder 130 is 
bonded to the polarizer 1 20. 

[0081] In the embodiment, a liquid crystal panel 140 
and a backlight 160 are not fixed to the transparent plate 
180 or to the polarizer 120 or the retarder 130 fixed 
thereto. In this case, the liquid crystal panel 140 can be 
fixed inside the device separately (for example, fixed on 
a circuit board) from the transparent plate 180, and a 
gap can be provided between the liquid crystal panel 
1 40 and the multilayer structure fixed to the transparent 
plate 1 80. When this is done, the liquid crystal panel 1 40 
is disposed inside the device separately from the multi- 



layer structure including the reflective polarizer 110. 
Thus, product yields can be improved in the fabrication 
processes. Of course, the liquid crystal panel 140 and 
a polarizer 150 can also be fixed and integrated to the 
5 transparent plate 1 80. 

[0082] Furthermore, the polarizer 150 is preferably 
bonded over the outer face of a substrate 141 on the 
backside of the liquid crystal panel 140. Moreover, the 
liquid crystal panel 140 and the backlight 160 are dis- 
10 posed with a gap in the drawing, but it is acceptable that 
they are closely contacted or bonded to each other. 
More specifically, it is acceptable that the polarizer 150 
is closely contacted or bonded to the viewing side of a 
light guide plate 1 62. 
15 [0083] The fixing structure to the transparent plate 
1 80 can be applicable not only to the first embodiment 
but also to any of the second embodiment to the fourth 
embodiment in completely the same manner. 



[0084] Next, a sixth embodiment in the invention will 
be described with reference to Fig. 6. In this embodi- 
ment, atransparent plate 180 is disposed as similar to 

25 that in the fifth embodiment. Then, a reflective polarizer 
110 is bonded to the transparent plate 180 by a trans- 
parent adhesive 181 such as acryl resin. The surface 
on the backside of the transparent plate 1 80 is formed 
to be flat, and the reflective polarizer 110 fixed to the 

30 surface exerts the same effect and advantage as the 
fifth embodiment. In this embodiment, a polarizer 120, 
a retarder 1 30, a liquid crystal panel 1 40 and a polarizer 
1 50 are fixed to the transparent plate 1 80 along with the 
reflective polarizer 110. 

35 [0085] In the embodiment, the transparent adhesive 
1 81 is preferably formed to have a thickness of 0.3 mm 
or greater. Accordingly, the fixing structure of the trans- 
parent plate 1 80 to the liquid crystal panel 140 is allowed 
to have sufficient elasticity when the transparent plate 

40 1 80 is fixed to a case of an electronic device. Therefore, 
the liquid crystal panel 140 can be protected against im- 
pact or the like. 

[0086] In addition, the configuration of the embodi- 
ment is applicable to any of the first to fourth embodi- 
45 ments. 

[Seventh embodiment] 

[0087] Next, a seventh embodiment in the invention 
50 will be described with reference to Fig. 7. This embodi- 
ment depicts the configuration of the second embodi- 
ment more specifically. In the embodiment, a reflective 
polarizer 110 is closely contacted with a transparent 
plate 190. The reflective polarizer 110 is fixed to the 
55 transparent plate 190. Particularly, the reflective polar- 
izer 110 is preferably bonded to the transparent plate 
1 90 by a transparent adhesive 1 91 the same as that in 
the above described embodiments. The transparent 
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plate 190 can be formed of the same material as the 
transparent plate 180 shown in the first embodiment. 
The surface on the backside of the transparent plate 1 90 
is formed to be flat, and the reflective polarizer 1 1 0 fixed 
to this surface exerts the same effect and advantage as 5 
the first embodiment. In addition, a polarizer 120 and a 
retarder 1 30 are closely contacted with the reflective po- 
larizer 1 1 0. They are also preferably bonded to each oth- 
er by an adhesive layer or an adhesive. 
[0088] A polarizer 150 and a reflective polarizer 170 10 
are fixed to a liquid crystal panel 140. The polarizer 150 
and the reflective polarizer 170 are preferably bonded 
to each other by an adhesive layer or an adhesive. 
[0089] In the transparent plate 1 90, at least a portion 
of the surface corresponding to the display area is a 15 
curved surface 1 90A in the surface on the viewing side. 
Accordingly, the transparent plate 190 has the same 
function as an optical lens, which allows the display 
screen formed of a display device 1 00 to be visibly rec- 
ognized in an enlarged or reduced state. For example, 20 
the curved surface 1 90A is formed into a convex curve 
as shown in the drawing, and thus the display screen 
can be visibly recognized in the enlarged state. There- 
fore, letters can be enlarged to enhance visibility when 
the display area of the display device is small. 25 
[0090] Also in this case, not only the reflective polar- 
izer 1 1 0, but also the polarizer 1 20 and the retarder 1 30 
can be fixed to the transparent plate 1 90. Moreover the 
liquid crystal panel 1 40 and the polarizer 1 50 (the reflec- 
tive polarizer 1 70 as well) can also be fixed to the trans- 30 
parent plate 190 as integrated parts as similar to the 
sixth embodiment. The configuration including the 
transparent plate 1 90 can of course be applicable to the 
first to fifth embodiments and the other embodiments 
shown below. 35 

[Eighth embodiment] 

[0091] Next, an eighth embodiment in the invention 
will be descried with reference to Fig. 8. In this embod- 40 
iment, a reflective polarizer 1 1 0 is closely contacted with 
the backside of a transparent plate 1 80 the same as that 
in the fifth embodiment. The reflective polarizer 110 is 
fixed to the transparent plate 1 80 by a transparent ad- 
hesive 1 81 similar to that in the fifth embodiment. In the 45 
embodiment, only the reflective polarizer 11 0 is fixed to 
the transparent plate 180. A polarizer 120, a retarder 
130, a liquid crystal panel 140, a polarizer 150 and a 
backlight 160, which configure a display unit, are dis- 
posed with gap to the transparent plate 1 80 and the re- 50 
flective polarizer 110. 

[0092] In this embodiment, the display unit is fixed in- 
side as similar to typical electronic devices, and the re- 
flective polarizer 11 0 is fixed to the inner surface of the 
transparent plate 180 disposed on the viewing side of 55 
the display unit. Accordingly, it is configured completely 
the same as the electronic device incorporating a nor- 
mal display unit, and the reflective polarizer 110 is only 



fixed to the inner surface of the transparent plate 1 80. 
Thus, the embodiment in the invention can be realized. 
Therefore, it can be fabricated significantly simply at low 
costs. 

[Ninth embodiment] 

[0093] Next, a ninth embodiment in the invention will 
be described with reference to Figs. 9 and 10. In a dis- 
play device 200 in this embodiment, a reflective polar- 
izer 210, a polarizer 220 and a retarder 230 are sequen- 
tially disposed from the viewing side, as shown in Fig. 
9. An electroluminescent panel (hereafter, it is simply 
called EL panel) 240, which is an electro- optica I device 
equivalent to the display unit is disposed behind them. 
The reflective polarizer 210 and the polarizer 220 are 
completely the same as those in the other embodi- 
ments. In this embodiment, the retarder 230 is a quarter 
(1/4) wavelength plate. 

[0094] In the EL panel 240, an electrode 242 config- 
ured of a transparent conductor such as ITO is formed 
on a substrate 241 , and a light emitting element 244 is 
disposed on the electrode 242. Furthermore, a counter 
electrode 245 is formed on the light emitting element 
244. 

The counter electrode 245 is preferably configured as a 
reflecting electrode formed of aluminium or other met- 
als. In the example shown in the drawing, an example 
is depicted in which the sash-like electrode 242 ar- 
ranged side by side in plurals in a stripe shape and the 
sash-like counter electrode 245 similarly arranged side 
by side in the stripe shape are disposed orthogonal to 
each other (the electrode structure corresponding to the 
passive matrix drive system). However, the electrode 
structure is arbitrary, and it is acceptable to have a prop- 
er electrode structure required for display, such as the 
electrode structure corresponding to the active matrix 
drive system. 

[0095] Fig. 1 0 depicts a more specific configuration of 
the EL panel 240. As shown in Fig. 1 0, the EL panel 240 
of the embodiment can be configured to allow color dis- 
play by forming light emitting elements 244R, 244G and 
244B. These light emitting elements 244R, 244G and 
244B are configured of a hole injection layer 244A, and 
a red light emitting Iayer244r, a green light emitting layer 
244g, or blue light emitting layer 244b. 
[0096] As materials for the hole injection layer, 
phthalocyanine based compounds such as copper 
phthalocyanine, and aromatic amine based compounds 
are named. In addition, as materials forthe light emitting 
layer, aromatic ring compounds such as distyrylben- 
zene derivatives (blue light emission), heterocyclic com- 
pounds such as organic fluorescent materials based on 
aluminium complex (Alq complex) of 8-hydroxyquino- 
line of metal complex, and compounds containing spe- 
cific elements such as a mixed ligand complex, one kind 
of Alq complex derivatives that one of hydroxyquinolines 
is substituted totriphenyl silicanol (Si compound) forco- 
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ordination (blue green light emission) are named. As 
other light emission materials other than blue color, ni- 
trobenzothiazole azo compounds of red color, europium 
complexes of red color, distyrylpyrazine of yellow color, 
and aromatic dimethylidyne of green color are named. 
[0097] In the embodiment, the light emitting element 
244R is formed of the hole injection layer 244A, the red 
light emitting layer 244r and the blue light emitting layer 
244b, and the blue light emitting layer 244b functions as 
a layer for securing flatness and an electron injection 
transport layer. In addition, the light emitting element 
244G is formed of the hole injection layer 244A, the 
green light emitting Iayer244g and the blue light emitting 
layer 244b, and the blue light emitting layer 244b func- 
tions as a layer for securing flatness and an electron 
injection transport layer. Furthermore, the light emitting 
element 244B is formed of the hole injection layer 244A 
and the blue light emitting layer 244b. 
[0098] In the embodiment, a bank 243 is formed on 
the substrate 241 with insulating resin (such as acryl 
resin, epoxy resin and photosensitive polyimide), and 
each of the light emitting elements is formed in each pix- 
el area partitioned by the bank 243. By adapting such a 
configuration, each of the light emitting elements can be 
formed by arranging liquid materials, liquefied by adding 
a solvent to each material, in each pixel area by liquid 
drop discharge and by drying and curing the arranged 
liquid materials. 

[0099] In the embodiment a predetermined voltage is 
applied between the electrode 242 and the counter elec- 
trode 245 of the EL panel 240 to allow the each light 
emitting elements to emit light. Accordingly, the light 
emitted from the each light emitting elements passes 
through the retarder 230, and then enters the polarizer 
220. The polarized light component having the vibration 
plane in parallel to the transmitting polarization axis of 
the polarizer 220 is passed through, whereas the polar- 
ized light component having the vibration plane orthog- 
onal to the transmitting polarization axis is absorbed. 
Moreover, the polarized light component having passed 
through the polarizer 220 enters the reflective polarizer 
210, which is a first polarized light selecting unit. The 
reflective polarizer 210 is disposed so as to direct its 
transmitting polarization axis toward the same direction 
as that of the transmitting polarization axis of the polar- 
izer 220. Therefore, the polarized light component hav- 
ing passed through the polarizer 220 travels through the 
reflective polarizer 210 as it is, and it is visibly recog- 
nized as the transmitted light "T" on the viewing side (the 
display mode). 

[0100] On the other hand, when the outside light "O" 
enters the display device 200, the polarized light com- 
ponent having the vibration plane in parallel to the trans- 
mitting polarization axis of the reflective polarizer 210 
passes through, but the polarized light component hav- 
ing the vibration plane orthogonal to the transmitting po- 
larization axis is reflected. This reflected polarized light 
component "R" is unobservable when the display light 



emitted from the EL panel 240 passes through the re- 
flective polarizer 21 0 in the display mode, and a prede- 
termined display image formed of the display light of the 
EL panel 240 is visibly recognized. However, when it is 

5 configured that the light emission from the EL panel 240 
is stopped not to emit light from the backside of the re- 
flective polarizer 210, the visible mode recognition by 
the external light reflection of the reflective polarizer 21 0 
becomes dominant to visibly recognize the display 

10 screen as a mirror (the mirror mode). 

[0101] In addition, amongthe outside light "O," the po- 
larized light component having the vibration plane in 
parallel to the transmitting polarization axis of the reflec- 
tive polarizer 21 0 passes through the reflective polarizer 

15 21 0 and the polarizer 220 having the transmitting polar- 
ization axis in the same direction, and enters the retard- 
er 230. In the retarder 230, this polarized light compo- 
nent travels a quarter (1/4) phase to be right-handed cir- 
cular polarized light, for example, and enters the ELpan- 

20 el 240 to be reflected by the reflecting electrode 245. 
This reflected light is turned to be left-handed circular 
polarized light. Thus, it again passes thorough the re- 
tarder 230 to be the polarized light component having 
the vibration plane orthogonal to the transmitting polar- 

25 ization axes of the reflective polarizer 210 and the po- 
larizer 220. Therefore, the polarized light component is 
absorbed by the polarizer 220 as it is, and is not released 
to the viewing side. 

[0102] Accordingly, since polarized light components 
30 of the outside light "O", which are not the polarized light 
components that are reflected on the surface of the re- 
flective polarizer 21 0, will not return to the viewing side, 
the amount of the observed outside light can be reduced 
in the display mode. Thus, the deterioration of visibility 
35 can be reduced, and the light reflected other than in the 
surface of the reflective polarizer can be eliminated in 
the mirror mode. Therefore, a viewable mirror state with 
no blur can be realized. 



[0103] Next, an embodiment of the display device with 
a preferable backlight applied to the first to fourth em- 
bodiments will be described. The configuration of this 
embodiment can adopt any configurations of the first to 
ninth embodiments. Fig. 1 1 is a graph illustrating the lu- 
minance of the backlight against the emission angle dis- 
tribution. In the embodiment, a backlight is desired that 
has high intensity luminance in the range of small emis- 
sion angle centering the direction of the normal of the 
display screen (emission angle = 0), and has low lumi- 
nance in the range of large emission angle, which is re- 
mote from the direction of the normal, in order to en- 
hance the visibility of the display image. The range of 
small emission angle is an emission angle ranging from 
zero (0) to forty (40) degrees, and the range of large 
emission angle is the range exceeding an emission an- 
gle of forty (40) degrees. In the example shown in the 



40 [Tenth embodiment] 
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drawing, a luminance of about 2000 [cd/m 2 ] is obtained 
in the light of a zero degree emission angle, whereas 
the luminance is dropped to 20 to 30 [cd/m 2 ] in the light 
of a fifty (50) degree emission angle. 
[0104] As for the emission angle distribution of lumi- 
nous light from the backlight (lighting unit) for the em- 
bodiment, it is configured to have much light amount in 
the range of small emission angle and to have less light 
amount in the range of large emission angle. Thus, the 
light amount of the transmitted light "T" entering the us- 
er's eye can be increased in the display mode. There- 
fore, a reduction in the visibility of the display screen due 
to the reflected light "R" can be further suppressed. In 
order to enhance the visibility of the display screen in 
the display mode and to suppress the light amount of 
the backlight to reduce power consumption, the light 
emission property of the backlight is preferably config- 
ured to have a luminance (light amount) of one fiftieth 
(1/50) or below of the luminance (light amount) in the 
direction of the normal for the range of large emission 
angle exceeding an emission angle of forty (40) de- 
grees. 

[0105] The emission angle distribution of luminous 
light of the backlight can be properly configured accord- 
ing to the shape of the light guide plate 1 62, the structure 
of the light reflection component or the light scattering 
component 1 63, and a filter or a scattering plate (diffus- 
er) disposed separately. 

[0106] The emission angle distribution of luminous 
light of the backlight is applicable to the emission angle 
distribution of display light in the EL panel 240 of the 
ninth embodiment as it is. More specifically, by config- 
uring the emission angle distribution of display light of 
the EL panel 240 as that shown in Fig. 11 , the display 
light can be configured to be visibly recognized efficient- 
ly with no increase in power consumption, and the visi- 
bility in the display mode can be enhanced regardless 
of the existence of the specular reflection light by the 
reflective polarizer. 

[Eleventh embodiment] 

[0107] Next, an electronic device 1 000 of an eleventh 
embodiment in the invention will be described with ref- 
erence to Figs. 12 and 13. This electronic device 1000 
is provided with the display device 100 of the first em- 
bodiment. Fig. 1 2 is a schematic block diagram illustrat- 
ing a display control system for the display device 100 
to be disposed inside the electronic device 1000 in a 
form of combining with afunction implementing unit. Fig. 
13 is a schematic perspective view illustrating the ex- 
emplary configuration of the electronic device 1000 (a 
mobile phone). 

[0108] The electronic device 1000 is provided with a 
display drive part 1 40X for driving the liquid crystal panel 
140 disposed in the display device 100, a light control 
part 1 60X for controlling the backlight 1 60, and a control 
part 1 00X for controlling the display drive part 1 40X and 



the light control part 1 60X. By the way, the configuration 
shows the display control system in a form of combining 
with the function implementing unit, and does not depict 
an actual circuit configuration orthe packaging structure 
5 of circuit devices. Therefore, it is acceptable that all the 
parts are formed in the display device 100, or formed 
outside the display device 1 00, that is, formed inside the 
electronic device 1 000 instead of the display device 1 00. 
Furthermore, it is acceptable that a portion is formed in- 
fo side the display device 100, and other portions are 
formed inside the electronic device 1000 instead of the 
display device 1 00. 

[0109] The display drive part 1 40X is for feeding drive 
voltage to drive each of a plurality of pixel areas formed 

15 in the liquid crystal drive area of the liquid crystal panel 
1 40. For example, it synchronously feeds scan signals 
and data signals corresponding to the scan signals to a 
common terminal (scan line terminal) and a segment 
terminal (data line terminal) of the liquid crystal panel 

20 1 40 in the multiplex drive system orthe active drive sys- 
tem. Display data such as image data is sent to the dis- 
play drive part 140X from the main circuit of the elec- 
tronic device 1000 via the control part 100X. 
[0110] The light control part 160X controls power sup- 

25 ply to the backlight 160. For example, it switches the 
backlight 1 60 between the lit state and the unlit state. 
[0111] The control part 100X controls the display drive 
part 1 40X and the light control part 1 60X, and performs 
control instruction to each part and data sending. For 

30 example, when the display device 1 00 is to be set in the 
display mode, the display drive part 140X drives the liq- 
uid crystal panel 1 40 to display, and the light control part 
1 60X allows the backlight 1 60 in the lit state simultane- 
ously. When the display device 100 is to be set in the 

35 mirror state, the display drive part 1 40X controls the liq- 
uid crystal panel 140, and the liquid crystal display in- 
cluding the liquid crystal panel 140 is set in the full 
blocked state (shutter closed state). Alternatively, the 
light control part 1 60X turns off the backlight 1 60 to be 

40 in the unlit state. Preferably, the liquid crystal display is 
in a fully blocked state and the backlight 160 is in the 
unlit state in the mirror state. 

[0112] As shown in Fig. 13, the electronic device 1000 
of the embodiment can be configured as a mobile phone 

45 having a main body part 1001 and a display part 1002. 
In this case, it is configured that the display device 1 00 
is disposed inside the display part 1 002 to visibly recog- 
nize a display screen 1003 in the display part 1002. By 
configuring in this way, a predetermined display screen 

50 can be visibly recognized in the display screen 1 003, or 
the mirror surface state can be visibly recognized de- 
pending on various manual operations and various sit- 
uations. Accordingly, the electronic device 1 000 such as 
the mobile phone can be used as a mirror. 

55 [0113] In addition, when the electronic device 1 000 is 
applied to a mobile phone 2000, the configuration is ac- 
ceptable in which another display screen 2004, other 
than the main display screen (the same one as 1003) 
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shown in Fig. 1 3, is disposed on the outer face of a dis- 
play part 2002, folded over a main body part 2001 as 
shown in Fig. 14. And the display screen 2004 allows 
predetermined display to be visually recognized without 
opening the display part 2002 from the main body part 
2001 . In this case, the display device 1 00 is disposed in 
addition to the main display device depicted by dotted 
lines in Fig. 12, and thus the structure is formed in which 
the display screen 2004 can be visually recognized by 
the display device 100 other than the main display 
screen. In the mobile phone 2000 of the embodiment, 
display can be visually recognized in the folded state, 
and also it can be used as a mirror in the folded state. 
[01 14] I n the embodiment, the electron ic device 1 000 
and the mobile phone 2000 are preferably provided with 
an input part (control member) such as a control switch, 
a operation button, and a control dial for exclusively 
switching between the display mode (transmissive dis- 
play mode) and the mirror mode, or for serving also as 
the input part for other functions. For example, it is con- 
figured that the control member for exclusive use or for 
dual purpose disposed on the main body part 1001 of 
the electronic device 1000 is manually operated and 
thus the operated state is sent to the control part 1 00X 
to switch between the display mode (transmissive dis- 
play mode) and the mirror mode. Furthermore, the mo- 
bile phone 2000 is configured in which a control mem- 
ber, manually operable in the folded state shown in Fig. 
14, is disposed and the control member is operated to 
send the operated state to the control part 100X for 
switching between the display mode (transmissive dis- 
play mode) andthemirrormode. Asforthe dual purpose 
control member for forming the input part, for example, 
a data input key button and a power on/off button in var- 
ious electronic devices such as a mobile phone and per- 
sonal computer are named. 

[0115] When the display device 200 having the EL 
panel 240 of the ninth embodiment is disposed inside 
the electronic device, the light control part is not needed. 
Instead, a control unit including functions of the control 
part and the display drive part can realize predetermined 
display states in the display mode and the mirrorsurface 
state in the mirror mode. In the mirror mode, the control 
unit stops light emission of the EL panel 240. 
[0116] The display device and the electronic devices 
of the invention are not limited to the examples shown 
in the drawings, which can of course be modified vari- 
ously within the scope of the invention. For example, in 
the embodiments, the case where the invention is ap- 
plied to the liquid crystal device as one kind of electro- 
optical device, has been mainly described. However, the 
invention is not limited to this, but can be applied to var- 
ious electro-optical devices such as the electrolumines- 
cent device as the ninth embodiment, particularly an or- 
ganic electroluminescent device, an inorganic electro- 
luminescent device, a plasma display device, an FED 
(field emission display) device, an LED (light emitting 
element) display device, an electrophoretic image dis- 



play device, a small-sized TV using a low-profile CRT 
and a liquid-crystal shutter, and a device using a digital 
micromirror device (DMD). 

[0117] As described above, according to the inven- 
5 tiom display quality can be enhanced in the display de- 
vice, which allows the display part to be switched be- 
tween the display mode and the mirror mode. In addi- 
tion, the display device can be formed to be low-profile 
and light-weight. 

10 

Claims 

1. A display device comprising: 

15 

a display unit adapted to allow a first polarized 
lightto be emitted as display light; and a control 
unit adapted to control the display unit, 

20 wherein the display unit has a polarized light 

selecting unit on a viewing side thereof, 

the polarized light selecting unit transmits the 
first polarized light and reflects a second polarized 
light having a polarization axis crossing a polariza- 
25 tion axis of the first polarized light, and 

the control unit is allowed to switch between 
a display mode, in which the first polarized light is 
emitted from the display unit as display light, and a 
mirror mode, in which the first polarized light is not 
30 emitted from the display unit. 

2. The display device according to claim 1 , wherein 
the control unit stops light emission from the display 
unit in the mirror mode. 

35 

3. A display device having a transmitting polarization 
axis varying unit, the display device including: 



a first polarized light selecting unit disposed on 
40 a viewing side of the transmitting polarization 

axis varying unit; and 

a second polarized light selecting unit disposed 
on a backside of the transmitting polarization 
axis varying unit, 

45 

wherein the first polarized light selecting unit 
transmits a first polarized light and reflects a second 
polarized light having a polarization axis crossing a 
polarization axis of the first polarized light, 
50 the second polarized light selecting unit trans- 

mits a third polarized light and absorbs or reflects a 
fourth polarized light having a polarization axis 
crossing a polarization axis of the third polarized 
light, and 

55 the transmitting polarization axis varying unit 

is allowed to convert at least a part of the third po- 
larized light to the first polarized light. 
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4. The display device according to claim 3, wherein 
another transmitting polarization axis varying unit is 
not disposed on the viewing side of the first polar- 
ized light selecting unit. 

5. The display device according to claim 3, wherein a 
third polarized light selecting unit adapted to trans- 
mit the first polarized light and to absorb the second 
polarized light is disposed between the first polar- 
ized light selecting unit and the transmitting polari- 
zation axis varying unit. 

6. The display device according to claim 5 comprising: 

a lighting device on the backside of the second 
polarized light selecting unit, 

wherein the second polarized light selecting 
unit transmits the third polarized light and absorbs 
the fourth polarized light, 

in which a fourth polarized light selecting unit 
is disposed between the second polarized light se- 
lecting unit and the lighting unit, and 

the fourth polarized light selecting unit trans- 
mits the third polarized light and reflects the fourth 
polarized light. 

7. The display device according to claim 3, wherein 
the second polarized light selecting unit transmits 
the third polarized light and reflects the fourth po- 
larized light. 

8. The display device according to claim 3, wherein a 
surface on the viewing side of the polarized light se- 
lecting unit is flat. 

9. The display device according to claim 3 or 8, where- 
in a transparent protective film is formed on a sur- 
face on the viewing side of the first polarized light 
selecting unit. 

10. The display device according to claim 3, wherein a 
lighting unit adapted to emit light to the viewing side 
is disposed on the backside of the second polarized 
light selecting unit. 

11. The display device according to claim 10, wherein 
a light reflection component for reflecting outside 
light to the viewing side in a form of supporting dis- 
play is not disposed between the first polarized light 
selecting unit and the lighting unit. 

12. The display device according to claim 10 or 11, 
wherein the transmitting polarization axis varying 
unit is in a state not to emit the first polarized light 
when the lighting unit is not lit. 

13. The display device according to claim 3, wherein a 



polarized light selecting area of the first polarized 
light selecting unit is extended beyond an area over- 
lapping with a transmitting polarization axis varying 
area of the transmitting polarization axis varying 
5 unit. 

14. The display device according to any one of claims 
1 0 to 12, wherein a light amount emitted in a direc- 
tion of the normal is greatest in an emission angle 

10 distribution of luminous light of the lighting unit. 

15. The display device according to claim 14, wherein 
the luminous light of the lighting unit is distributed 
mainly at an emission angle ranging from zero (0) 

15 to forty (40) degrees. 

16. The display device according to claim 14, wherein 
the luminous light of the lighting unit is one fiftieth 
(1/50) or below of a light amount in the direction of 

20 the normal for a range exceeding an emission angle 
of forty five (45) degrees. 

17. The display device according to claim 3, wherein a 
color filter is disposed on the backside of the first 

25 polarized light selecting unit. 

18. The display device according to claim 3, wherein a 
retarder is disposed between the first polarized light 
selecting unit and the transmitting polarization axis 

30 varying unit. 

19. The display device according to claim 3, wherein a 
transparent member is disposed on the viewing 
side of thefirst polarized light selecting unit, and the 

35 first polarized light selecting unit is directly or indi- 
rectly closely contacted with the transparent mem- 
ber. 

20. The display device according to claim 19, wherein 
40 the first polarized light selecting unit is bonded to 

the transparent member by a transparent sub- 
stance. 

21. The display device according to claim 19 or 20, 
45 wherein a surface of the transparent member on the 

first polarized light selecting unit is flat. 

22. The display device according to claim 19 or 20, 
wherein a surface on the viewing side of the trans- 

50 parent member is a curved surface. 

23. An electronic device comprising the display device 
according to clam 1 or 2. 



55 24. An electronic device comprising: 

the display device according to any one of 
claims 3 to 22; and 
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a display drive unit adapted to drive the trans- 
mitting polarization axis varying unit. 

25. An electronic device comprising: 

5 

the display device according to any one of 
claims 1 0 to 1 2, and 1 4 to 1 6; 
a display drive unit adapted to drive the trans- 
mitting polarization axis varying unit; and 
a lighting control unit adapted to control the 10 
lighting unit. 

26. An electronic device comprising a display unit 
adapted to allow light emission, 

wherein the display unit has a polarized light 15 
selecting unit adapted to transmit a first polarized 
light and to reflect a second polarized light having 
a polarization axis crossing a polarization axis of the 
first polarized light on a viewing side thereof, and 

a transmissive display mode, in which thefirst 20 
polarized light is emitted from the polarized light se- 
lecting unit on the viewing side to allow the first po- 
larized light to be observed on the viewing side, and 
a mirror mode, in which the first polarized light is not 
emitted from the polarized light selecting unit and 25 
the polarized light selecting unit is used as a mirror 
on the viewing side of display unit, are switchable. 

27. The electronic device according to claim 26 further 
comprising an input part for allowing an operation 30 
of the display device or for allowing data input to 
display in the display device, 

wherein the input part is operated to allow 
switching between the transmissive display mode 
and the mirror mode. 35 
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